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We examined the individual and combined effects of contrast, sharpness, and grain degradations on the
aesthetic judgments of photographs depicting natural and human-made scenes. Our systematic approach
demonstrated that certain degradations, and their combinations, had more impact on aesthetic judgments
than others, and that the effects varied depending on the type of scene. We also showed that the
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liked. Finally, we found evidence for a contrast effect in which the aesthetic judgments of high-quality
images were more positive as the images they were presented with were more degraded.
Keywords: aesthetics, image quality, image manipulation, photography
Supplemental materials: http://dx.doi.org/10.1037/a0019542.supp

& Zweig, 1962), and did not control for factors such as image size
and image orientation. To address these limitations and to better
understand the relationship between image quality and aesthetic
judgments, we directly and systematically compared the individual
and combined effects of several elements within one investigation
using a large set of high-quality photographs. We report on three
experiments in which we directly compared responses to degradations of three important image elements: image contrast, sharpness, and grain.
Early studies of photographic image quality were consistent
with traditional psychophysics approaches. For example, Jones
and Higgins (1945, 1947) investigated people’s perception of grain
in various photographic materials. Regarding sharpness, Wolfe and
Eisen (1953) attempted to find a physical or objective correlate of the
subjective concept of sharpness. Furthermore, Higgins and Wolfe
(1955) examined the effects of sharpness and resolution on the evaluation of image definition (i.e., general appearance of detail).
Stultz and Zweig (1962) extended those earlier studies (Higgins
& Wolfe, 1955; Wolfe & Eisen, 1953) by investigating how
variations in sharpness and grain influenced evaluations of image
definition and quality. The latter judgment was employed as an
indirect measure of aesthetic evaluation. The stimuli used in Stultz
and Zwieg’s study consisted of only one original scene (used
previously by Wolfe & Eisen, 1953) with the following variations:
five-step variations in grain, four-step variations in sharpness, and
one version with medium grain and moderate sharpness. Results
showed that the influence of sharpness and grain depended on
whether the images were judged for definition or quality. Specifically, when judging in terms of image quality, sharpness and grain
had approximately equal influence on the evaluations. However,
when judging in terms of definition, sharpness correlated higher
with the evaluations than grain.
The studies described previously (e.g., Higgins & Wolfe, 1955)
did not include an explicit measure of aesthetic judgment such as
liking or preference. Although Stultz and Zweig (1962) included
the word prefer in the instructions, it was mentioned in the context
of the primary measure “picture quality.” More recently, Calabria

Photographs dominate our visual lives. They are on billboards,
Web sites, consumer products, and in magazines. They are exhibited in museums and galleries, and many are considered to be
valuable works of art. Almost everyone makes photographs in one
form or another. And making a “good” photograph is important to
those who take the activity seriously. Consequently, there has been
extensive dialogue about what constitutes a good photograph.
Many books have been written, many classes have been taught,
and many technological innovations have been made (e.g., finegrain film) to optimize image quality. Surprisingly, there have
been few empirical studies on photography (Axelsson, 2007a,
2007b; Tinio & Leder, 2009b); therefore, not much is known about
how specific aspects of image quality affect the perception and
aesthetic experience of photographs. This article details our attempt to understand the effects of image quality on the aesthetic
judgments of photographs.
There have been few previous attempts to study image quality,
and only a handful of those used a direct aesthetic measure.
Moreover, the majority of past research had the disadvantage of
being carried out in a piecemeal manner, often involving only one
element of image quality, such as contrast (e.g., Gershoni &
Kobayashi, 2006). In addition, past studies typically used a few
(e.g., Calabria & Fairchild, 2003) or even one image (e.g., Stultz
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and Fairchild (2003) explicitly used an aesthetic measure. They
assessed the independent effects of image lightness, chroma (related to color saturation), and sharpness on perceived image contrast and image preference. Their stimuli consisted of six images
that varied in size and depicted the following: brainscan, pyramid
building, wakeboarder, heterosexual couple, still-life with fruits
and vegetables, and dinner table. In four psychophysical experiments, it was shown that, in general, perceived image contrast and
image preference were effectively predicted (i.e., scalable) by
variations in levels of image lightness, chroma, and sharpness. The
effects were generally independent of type of image, although
there was a difference in image preference between the brainscan
image and the other five images. Moreover, expertise (limited vs.
extensive experience in the field of imaging) did not influence the
results. Finally, the relationship between preference and perceived
contrast was described by an inverted U-shaped function—a moderate amount of contrast was preferred.
Several aspects of Calabria and Fairchild’s (2003) study deserve
note. First, the stimuli were not standardized according to variables
such as presentation orientation (vertical or horizontal) and image
size. It has been previously demonstrated that size has a significant
influence on aesthetic judgments of stimuli (Silvera, Josephs, &
Giesler, 2002). Second, the effects of lightness, chroma, and sharpness were assessed only in terms of how they interacted with
contrast—lightness– contrast, chroma– contrast, and sharpness–
contrast. Thus, the independent (e.g., the effects of sharpness only)
and combined effects of the various image elements were not fully
assessed. Third, the stimuli used were few in number; it is therefore possible that the results were heavily influenced by a salient
image feature such as complexity or symmetry (e.g., Jacobsen &
Höfel, 2002; Tinio & Leder, 2009a). A larger set of stimuli would
have balanced such effects.
Gershoni and Kobayashi (2005; Experiments 2 and 3) also
focused on the effects of variations in contrast on discrimination
performance with photographs. They extended their initial psychophysical investigations by incorporating aesthetic measures in a
related set of studies (Gershoni & Kobayashi, 2006). Their stimuli
consisted of eight grayscale photographs by Ansel Adams (three
landscapes, three portraits, and two architectural). Fifteen versions
of each photograph were created by crossing the factors image area
(shadow, midtone, and highlight) and contrast increment (2%, 4%,
6%, 8%, and 10%). The participants rated—for liking—the manipulated versions of the photographs, along with the originals. Results
showed that overall, preference was highest for the original versions
of the photographs, and preference decreased linearly with each
increment in contrast. Furthermore, the preference for the original
versions was independent of image category or image region.
Gershoni and Kobayashi’s (2006) study effectively demonstrated that the photographer’s choices regarding contrast corresponded highly with observer preference. Several features of their
study are directly relevant to the present study and should be noted.
First, the images used were created by one artist; although they
differed in content, the style was nonetheless similar. This was
especially the case regarding the tonal range and contrast in the
images. Stylistic features have been shown to strongly influence
aesthetic judgments (Leder, Belke, Oeberst, & Augustin, 2004).
Second, the images were by the well-known photographer Ansel
Adams. In fact, the authors stated that 46% of their participants
reported that they were either familiar with the photographer or

they had previously seen the photographs. There is evidence that
people tend to like things that are familiar (e.g., Zajonc, 1968; see
Bornstein, 1989, for an overview). Third, the contrast manipulations were made using an imaging software function that enabled
the input of specific contrast increment values. Although this
approach allows the same numerical contrast value across the
entire set of images, how the changes in contrast are perceived
actually depends on the image (Calabria & Fairchild, 2003). For
example, a 2% increase in contrast is perceived differently in dark
as opposed to light images (e.g., Gershoni & Kobayashi). Thus, it
cannot be assumed that a 2% increase in contrast is perceived in
the same way across the eight images used. Finally, Gershoni and
Kobayashi investigated the effects of increasing contrast in specific tonal areas (i.e., shadow, midtone, and highlights) of the
photographs. However, problems with image quality in everyday
settings are generally related to low contrast, resulting in a
“muddy” look. Therefore, in terms of aesthetics, it seems more
appropriate to investigate degradation in image quality as a result
of the lowering of contrast (Tinio & Leder, 2009b).
More recently, Tinio and Leder (2009b) examined the effects of
image degradation on the aesthetic judgment of photographs. Specifically, they assessed whether image quality could mediate the
preference for natural scenes over human-made scenes (e.g., Biederman & Vessel, 2006; Kaplan, 1992; Kaplan & Kaplan, 1989;
Kaplan, Kaplan, & Wendt, 1972; Ulrich, 1981) such that highquality human-made scenes will be preferred over low-quality
natural scenes. The stimuli consisted of photographs depicting 50
natural and 50 human-made scenes, with high-quality and degraded versions of each photograph. Image degradation involved a
decrease in sharpness, increase in grain, decrease in contrast, and
decrease in color saturation. All of the manipulations were performed globally on each image. The results showed that participants generally preferred the natural scenes over the human-made
scenes and the high-quality scenes over the degraded scenes.
However, they preferred the high-quality human-made scenes over
the degraded natural scenes (Tinio & Leder, 2009b).
Tinio and Leder (2009b) demonstrated that image quality has a
great influence on the evaluation of photographs. Furthermore,
failure to control for image quality in investigations that use
photographs as stimuli could lead to confounded results. The
image degradation process used by Tinio and Leder involved the
simultaneous manipulation of several elements of image quality.
Consequently, the magnitude and direction of the effects of each
individual element were not assessed.
The investigations reported here aimed to build on previous
studies by assessing the individual, paired, and overall combined
influence of contrast, sharpness, and grain degradations on the
aesthetic judgment of photographs. Contrast, sharpness, and grain
were selected for manipulation because they are the most researched elements of image quality, as suggested by the review
above. In addition, manipulations along these elements could be
made in a straightforward manner; graphics editing programs such
as Adobe Photoshop, Corel Draw, Aperture, and Adobe Lightroom
provide special tools (e.g., histograms and curves tools in Photoshop) that are dedicated to such manipulations. Manipulations of
these elements are also standard practice during the postprocessing
stages in traditional analog photography. For example, for blackand-white analog images, contrast can be manipulated by using
contrast filters during the print enlarging process, sharpness can be

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

IMAGE QUALITY AND AESTHETIC JUDGMENT

manipulated by the focusing of the enlarger, and grain can be
influenced by the type of film or enlarging paper used. Contrast,
sharpness, and grain may be jointly considered as the most essential building blocks of image quality and were therefore the focus
of this research.
Why and how would image quality influence aesthetic judgments? One possibility is that the effects of image quality are
somehow mediated by perceptual fluency (Reber, Schwarz, &
Winkielman, 2004). According to this concept, the reason why
high-quality images are judged more positively than low-quality
images is because the former are easier to process. The visual
characteristics of stimuli that are high in perceptual fluency are
easier to see. Previous studies have shown that stimuli high in
figure– ground contrast are judged more positively than stimuli
low in figure– ground contrast, presumably because high-contrast
stimuli are higher in perceptual fluency (Reber & Schwarz, 2001;
Reber, Winkielman, & Schwarz, 1998). It is important to note that
studies that have looked at contrast as facilitating perceptual fluency have focused specifically on figure– ground contrast and not
global contrast (or global sharpness and grain). In addition, these
studies used basic shapes (e.g., circles) as stimuli. However, looking at the possible effects of perceptual fluency on aesthetic
judgments is important to the present study. Thus, we assessed
perceptual fluency by analyzing the response latencies associated
with participants’ judgments. Response latencies were considered
as being indicative of the relative ease of processing of stimuli
(e.g., Reber, Wurtz, & Zimmerman, 2004). Participants were explicitly instructed to respond as fast as possible and to base their
responses on their initial impressions. If image degradation influences perceptual fluency in a negative way by hindering processing, then response latencies to degraded images should be significantly higher than response latencies to high-quality images.
Although a direct comparison of contrast, sharpness, and grain
degradations has not been systematically conducted, we expected
the three degradations to have varying effects on aesthetic judgments. This may occur if the visual system adapts differently to
various types of degradation. Previous studies have demonstrated
adaptations to contrast (Gardner et al., 2005; Heinrich & Bach,
2001; Kohn, 2007), noise (Fairchild & Johnson, 2007), and blur
(Wang, Ciuffreda, & Vasudevan, 2006; Webster, Georgeson, &
Webster, 2002). Differences in the effects of contrast, sharpness,
and grain degradations on aesthetic judgments may reflect differences in the nature and time course of visual adaptation to the
degradations.
The individual effects of contrast, sharpness, and grain were
examined in Experiment 1. We predicted natural scenes to be liked
more than human-made scenes, which would be consistent with
previous research (e.g., Kaplan & Kaplan, 1989; Biederman &
Vessel, 2006) and with theories that claim perceptual and processing biases toward natural scenes (Field, 1987; Field & Brady,
1997). We also predicted that, in general, high-quality images
would be liked more than degraded images, both for natural and
human-made scenes. This would be in accordance with the fluency
perspective (e.g., Reber, Schwarz, et al., 2004). Assessing the
effects of the three degradation types within one experimental
study and using a large and controlled set of stimuli allow the
examination of differential effects specific to each degradation
type. Regarding the interaction between image class and image
manipulation type, it was possible that the effects of the manipu-
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lations would be different for natural and human-made scenes,
although Gershoni and Kobayashi (2006) and Calabria and Fairchild (2003) found that the effects of contrast variations on aesthetic
judgments were independent of image class. The paired effects of
the degradations on aesthetic judgments were investigated in Experiment 2, in which contrast–sharpness, contrast– grain, and
sharpness– grain degraded combinations were presented along
with the high-quality images. This experiment addressed the question of whether certain combinations of degradations are evaluated
more positively than others, and whether image class would play
a role. Finally, the overall combined effects of contrast, sharpness,
and grain degradations were examined in Experiment 3. Response
latencies were analyzed in each of the three experiments to examine possible fluency effects on the participants’ judgments.
In addition, we performed a comparative analysis of the results
of the three experiments. We addressed the idea that the influence
of image degradations on aesthetic judgments is additive. The
additive effects of visual features on aesthetic judgments have
been previously demonstrated (e.g., Tinio & Leder, 2009a, with
symmetry and complexity). We hypothesized that liking ratings for
scenes would decrease with an increase in the number of degradations made on the images. Specifically, overall liking ratings for
degraded images would decrease from Experiment 1 to Experiment 2 to Experiment 3. To compare the results of the three
experiments, we calculated composite ratings for Experiments 1
and 2, as both included three degraded conditions (Experiment 3
had one degraded condition). Composite values were calculated by
averaging ratings for the three degraded conditions, resulting in
one degraded condition value for each of the two experiments. In
doing so, it was possible to perform an analysis that combined the
results of all three experiments. To further augment this analysis,
all three experiments had the same number of participants (n ⫽ 20)
and used the same set of high-quality (nondegraded) images.
Finally, all aspects of the procedures were held constant across the
three experiments.

Image Manipulation Procedure and Degradation
Validation Prestudies
The original set of stimuli consisted of 200 high-quality color
photographs of natural scenes and 200 high-quality color photographs of human-made scenes. The natural category consisted of
scenes such as forests, deserts, and mountains, and the humanmade category consisted of scenes such as roads, city skylines, and
bridges. Using similar stimuli, Tinio and Leder (2009b) showed
that people were very accurate (with near ceiling performance) at
categorizing scenes as either natural or human-made. The set of
human-made scenes did not include any indoor scenes as it has
been demonstrated that specific cortical areas of the brain are
activated when viewing such scenes (Henderson, Larson, & Zhu,
2007). In addition, there were no people visible in any of the
scenes, as there is evidence that attention is biased toward people
in scenes (Fletcher-Watson, Findlay, Leekam, & Benson, 2008).
The visual dominance of water elements and ambient lighting
(e.g., sunset or sunrise) were approximately equated between the
two sets of images.
The image manipulation procedure was consistent with Tinio
and Leder’s (2009b) approach. First, all images were sized to
800 ⫻ 600 pixels (all horizontally oriented). Second, three de-
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graded versions were created from each original photograph: reduced contrast, reduced sharpness, and increased grain. The
amount of degradation in each version was restricted so as to avoid
unnatural or artificial-looking images. As an initial degradation
validation check, one of the authors and two research assistants
independently examined the degraded versions for consistency in
terms of the amount of degradations applied to the images. Disagreements were discussed and any necessary changes were made.
The final set of scenes consisted of contrast-, sharpness-, and
grain-degraded versions of the original 200 natural and 200
human-made images. Thus, the entire set of stimuli consisted of
400 normal, 400 contrast-degraded, 400 sharpness-degraded, and
400 grain-degraded images (see Figure 1a). The high number of
images used helped ensure that effects were robust across different
image types.
Three prestudies were conducted to formally validate the consistency of the contrast, sharpness, and grain degradations across
the entire set of images. This step also helped ensure that any
differences found between the natural and human-made categories
could not simply be due to differences in the amount of degradation. In addition, the initial amount of degradation served as the
basis for manipulations for Experiments 2 and 3 in which the
different types of degradations were systematically combined.
Finally, the validation studies served to identify whether a particular scene was manipulated too little or too much.
Eighteen undergraduate students from the University of Vienna
participated in the three prestudies (n ⫽ 6 for each prestudy) for
partial course credit. None of these participants were involved in
the main experiments. Depending on the condition—whether contrast, sharpness, or grain—participants rated the amount of degradation in each of the 200 natural and 200 human-made degraded
images using a Likert-type scale with 1 indicating low contrast,
low sharpness, or low grain degradation and 7 indicating high
contrast, high sharpness, or high grain degradation. Each participant was assigned to only one type of degradation condition and
was tested individually. At the beginning of the study, participants
were shown examples of natural and human-made scenes with a
range of possible degradations, from minimally perceptible degradation, moderate degradation, to high degradation. Participants
were instructed to use the entire 7-point scale in rating the images.
The mean degradation ratings were sampled across participants
for each type of degradation condition, separately for natural and
human-made scenes, and were as follows: natural contrastdegraded, 4.20 (SD ⫽ 0.72); human-made contrast degraded, 3.96
(SD ⫽ 0.66); natural sharpness degraded, 3.73 (SD ⫽ 0.51);
human-made sharpness degraded, 3.76 (SD ⫽ 0.28); natural grain
degraded, 4.20 (SD ⫽0 .90); and human-made grain degraded,
3.92 (SD ⫽ 0.57). Overall, the ratings ranged from 3.73 to 4.20
(SD ⫽ 0.47) on a 1 to 7 scale. According to these results, the
amount of degradations was consistent across image types. A
formal analysis of the ratings was also conducted. It is important
to note that this analysis was only meant to augment the results
found at the descriptive level, and that statistical power was limited
because of the small sample size. A repeated measures analysis of
variance (ANOVA) was performed with image class (i.e., natural
and human-made) as a within-subjects factor and degradation type
(i.e., contrast, sharpness, and grain) as a between-subjects factor,
with degradation ratings as the dependent variable. Results did not
reveal a significant difference in the amount of degradation be-

tween natural and human-made scenes (p ⫽ .50) and among the
three types of degradations (p ⫽ .44). In addition, there was no
interaction between image class and type of degradation (p ⫽ .82).
Finally, there was no particular image that was manipulated too
little or too much.

Experiment 1: Individual Effects of Contrast,
Sharpness, and Grain Degradations
Method
Participants. Twenty undergraduate psychology students (18
women; mean age ⫽ 21.70 years, SD ⫽ 2.60) from the University
of Vienna participated in the experiment for partial course credit.
None of these participants were involved in any of the other
experiments. Prior to data collection, the nature of the procedures
was explained to, and informed consent was obtained from, each
participant. All participants had normal or corrected-to-normal
vision, and none were aware of the purpose of the experiment.
Stimuli. The set of stimuli was the same set used in the
prestudies (see Figure 1a). To avoid familiarity effects associated
with previous exposure to a particular stimulus (Zajonc, 1968),
each participant viewed only one version of each scene, counterbalanced across participants. Thus, for each participant, 50 stimuli
representing each type of image were randomly selected from the
larger sets of images used in the prestudies. The stimuli were the
following (50 each): natural normal, natural contrast degraded,
natural sharpness degraded, natural grain degraded, human-made
normal, human-made contrast degraded, human-made sharpness
degraded, and human-made grain degraded.
Procedure. Each trial consisted of the following sequence of
stimulus events: a fixation cross for 200 ms, the stimulus for 1.5 s,
the question for 2.0 s, and an intertrial interval for 2.0 s. To
familiarize participants with the structure of the trials, they were
given 24 practice trials, which consisted of three each of the eight
types of stimuli. These stimuli were not included in the main trials.
The practice trials had the same structure as the main trials. Each
participant viewed only one version of each scene to prevent
familiarity effects due to repeated exposure (e.g., Bornstein, 1989;
Zajonc, 1968); counterbalancing was therefore performed. This
resulted in 424 trials (50 for each image type and 24 practice trials)
for each participant.
The images were randomly presented using Presentation software (Version 10.3). Each image was rated for liking on a 7-point
Likert-type scale, ranging from 1 (like least) to 7 (like most).
Participants were instructed to base their responses on their “gut”
feeling and to respond as quickly as possible. To encourage spontaneous ratings and to keep trial durations constant during the
course of the experiment, participants provided their responses
while the question was on the screen. If participants provided a
response before or after the question had already been cleared from
the screen, they were shown a message reminding them to respond
while the question was on the screen.

Results
The mean liking ratings were sampled across participants for
each type of stimulus (see Table 1 and Figure 2a). A repeated
measures ANOVA was performed with image class (i.e., natural
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Figure 1. (a) Illustration images, Experiment 1. (b) Illustration images, Experiments 2 and 3. See the
Supplemental Materials link on the first page of this article to see originals in color.

and human-made) and image quality (i.e., normal, contrast degraded, sharpness degraded, and grain degraded) as within-subject
factors, and liking ratings as the dependent variable. Results
showed that natural scenes were liked more than human-made
scenes, F(1, 19) ⫽ 23.01, p ⬍ .001, 2p ⫽ .55, and normal scenes

were liked more than degraded scenes, F(3, 17) ⫽ 16.01, p ⬍ .001,
2p ⫽ .74. There was a significant interaction between image class
and degradation type, F(3, 17) ⫽ 3.56, p ⫽ .04, 2p ⫽ .39. The
interaction showed that, on the one hand, there were no significant
differences between ratings of natural contrast-degraded and nat-
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Figure 1. (continued)

ural sharpness-degraded images ( p ⫽ .74), natural contrastdegraded and natural grain-degraded images (p ⫽ .92), and natural
sharpness-degraded images and natural grain-degraded images
(p ⫽ .82). On the other hand, the human-made contrast-degraded
images were significantly liked less than both the human-made
sharpness-degraded images, t(19) ⫽ ⫺3.57, p ⫽ .002, d ⫽ 0.41,

and the human-made grain-degraded images, t(1, 19) ⫽ ⫺2.61,
p ⫽ .017, d ⫽ 0.50. This finding is especially interesting in light
of the results of the contrast validation study where there was no
significant difference in the amount of perceived contrast degradation between the natural and human-made scenes (p ⫽ .33).
There was no significant difference between the human-made
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Table 1
Experiment 1: Mean (Standard Deviation) Liking Ratings and Mean Response Latencies
Image quality
Measure
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Liking rating
Natural
Human-made
Response latency (in milliseconds)
Natural
Human-made

Normal

Contrast

Sharpness

Grain

5.23 (0.66)
3.89 (0.87)

4.48 (0.81)
3.10 (0.81)

4.52 (0.77)
3.42 (0.71)

4.50 (0.93)
3.49 (0.73)

2155.85 (437.56)
2168.23 (447.76)

2142.36 (422.11)
2140.76 (424.31)

2154.38 (422.61)
2142.42 (454.36)

2130.51 (410.93)
2167.85 (450.36)

sharpness-degraded and the human-made grain-degraded images
(p ⫽ .58).
To examine the possible effects of fluency, we analyzed response latencies. Mean response latencies were sampled across
participants for each type of stimulus (see Table 1). A repeated
measures ANOVA with image class and degradation type as
within-subject factors and response latencies as the dependent
variable did not indicate significant differences in response
latencies between natural and human-made scenes ( p ⫽ .59)
and among degradation types ( p ⫽ .57). In addition, the interaction between image type and degradation type was not significant ( p ⫽ .18).
Experiment 1 showed that individual degradations have different effects on aesthetic judgments, although this was apparent only
when assessed along the two different image classes. Analysis of
response latencies did not indicate fluency effects. The question
that arises is whether pairwise combinations of the degradations
would also show differential effects within and between image
classes. Experiment 2 was designed to address this question.

Experiment 2: Paired Effects of Contrast, Sharpness,
and Grain Degradations
Method
Participants. Twenty undergraduate psychology students (17
women; mean age ⫽ 21.65 years, SD ⫽ 1.95) from the University

Figure 2.

of Vienna participated in the experiment for partial course credit.
None of these participants were involved in any of the other
experiments. Prior to data collection, the nature of the procedures
was explained to, and informed consent was obtained from, each
participant. All participants had normal or corrected-to-normal
vision, and none were aware of the purpose of the experiment.
Stimuli. The same set of 200 natural and 200 human-made
normal high-quality images from the validation prestudies and
Experiment 1 was used to create the three sets of degraded stimuli
for Experiment 2. The following three degradation combinations
were created from each normal image: reduced contrast and reduced sharpness, reduced contrast and increased grain, and reduced sharpness and increased grain. Although new degradations
were made on the normal images, the amount of each manipulation
applied to the images was consistent with the amount used in the
validation studies. It is important to note that the order of manipulations was an important factor for the versions that involved an
increase in grain. Image grain, as compared to contrast and sharpness, consists of actual discrete grain structures on the image
surface. It was crucial that grain was added after the contrast and
sharpness manipulations were made. This ensured that the added
grain structure would not be changed by the contrast and sharpness
manipulations, as would have been the case if grain was added
first. Furthermore, this approach also increased the similarity in the
amount and character of the grain across the different experiments.
The final set of scenes consisted of normal high-quality,

Mean liking ratings for Experiments 1 (a), 2 (b), and 3 (c) by image quality and scene type.
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contrast–sharpness-, contrast– grain-, and sharpness– graindegraded versions of the normal 200 natural and 200 humanmade scenes. Thus, the entire set of stimuli consisted of 400
normal, 400 contrast–sharpness-degraded, 400 contrast– graindegraded, and 400 sharpness– grain-degraded images (see Figure 1b).
Procedure. Aspects of the testing procedure, including trial
and experiment structure, stimuli selection, number of trials, and
counterbalancing were the same as in Experiment 1.
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Results
The mean liking ratings were sampled across participants for
each type of stimulus (see Table 2 and Figure 2b). A repeated
measures ANOVA was performed with image class and degradation type as within-subject factors and liking ratings as the dependent variable. Results showed that natural scenes were liked more
than human-made scenes, F(1, 19) ⫽ 20.43, p ⬍ .001, 2p ⫽ .52,
and normal scenes were liked more than degraded scenes, F(3,
17) ⫽ 18.74, p ⬍ .001, 2p ⫽ .77. The interaction between image
class and degradation type only approached significance (p ⫽ .11).
Planned comparisons were conducted to further explore the
results. The sharpness– grain-degraded images were liked significantly more than the contrast– grain-degraded images, for natural,
t(1, 19) ⫽ ⫺6.03, p ⬍ .001, d ⫽ 0.69, and human-made scenes,
t(1, 19) ⫽ ⫺5.02, p ⬍ .001, d ⫽ 0.61. In addition, the contrast–
sharpness-degraded images were liked significantly more than the
contrast– grain-degraded images for natural, t(1, 19) ⫽ 3.46, p ⬍
.01, d ⫽ 0.52, and human-made scenes, t(1, 19) ⫽ 2.98, p ⬍ .01,
d ⫽ 0.35. There was no significant difference between contrast–
sharpness-degraded and sharpness– grain-degraded images for
both natural (p ⫽ .18) and human-made (p ⫽ .12) scenes. It seems
that of the degraded scenes, those that included some form of
contrast degradation were in general liked least.
Mean response latencies were sampled across participants for
each type of stimulus (see Table 2). A repeated measures ANOVA
with image class and degradation type as within-subject factors
and response latencies as the dependent variable revealed that
response latencies were higher for human-made than natural
scenes, F(1, 19) ⫽ 8.25, p ⬍ .05, 2p ⫽ .30. This finding is
consistent with that found by Tinio and Leder (2009b). There was
no main effect of degradation type (p ⫽ .34) and no interaction
(p ⫽ .15).
Experiment 1 demonstrated that evaluations of human-made
images degraded in contrast were different as compared with
human-made images degraded in sharpness and grain. Experiment

2 provided evidence suggesting that regardless of image class,
aesthetic judgments of images that are degraded in contrast are
evaluated least positively. These two findings appear compatible
as they suggest that of the three elements of image quality, contrast
is the most influential to aesthetic judgments of photographs.
Results of Experiment 2 also indicated that image class was not a
significant factor for judgments of images with paired degradations; although ratings of human-made scenes were, in general,
lower than those of natural scenes, the pattern of effects was
similar for the two types of scenes, which is illustrated by the
parallel nature of the bars in Figure 2b.
Experiment 3 was designed to assess the fully combined effects
of contrast, sharpness, and grain degradations on aesthetic judgments.

Experiment 3: Fully Combined Effects of Contrast,
Sharpness, and Grain Degradations
Method
Participants. Twenty undergraduate psychology students (17
women; mean age ⫽ 21.55 years, SD ⫽ 1.79) from the University
of Vienna participated in the experiment for partial course credit.
None of these participants were involved in any of the other
experiments. The nature of the procedures was explained to, and
informed consent was obtained from, each participant. All participants had normal or corrected-to-normal vision, and none were
aware of the purpose of the experiment.
Stimuli. The same set of 200 natural and 200 human-made
normal high-quality images from the validation prestudies and
Experiments 1 and 2 was used to create the set of degraded stimuli
for Experiment 3. For each normal photograph, one degraded
version was created by simultaneously reducing contrast and
sharpness and increasing grain. Although new degradations were
made on the normal images, the amount of each manipulation
applied to the images was consistent with the amount used in the
validation studies. The final set of scenes consisted of normal and
fully degraded versions of the original 200 natural and 200 humanmade scenes. Thus, the entire set of stimuli consisted of 400
normal and 400 degraded images (see Figure 1b).
Procedure. All aspects of the testing procedure, including
trial and experiment structure, stimuli selection, number of trials,
and counterbalancing were the same as in Experiments 1 and 2.

Table 2
Experiment 2: Mean (Standard Deviation) Liking Ratings and Mean Response Latencies
Image quality
Measure
Liking rating
Natural
Human-made
Response latency (in milliseconds)
Natural
Human-made

Normal

Contrast–sharpness

Contrast–grain

Sharpness–grain

5.60 (0.79)
4.56 (1.07)

4.05 (0.96)
3.09 (0.84)

3.47 (1.16)
2.78 (0.92)

4.25 (1.04)
3.33 (0.87)

2236.60 (199.44)
2329.04 (195.22)

2239.91 (178.63)
2275.81 (135.42)

2228.73 (148.75)
2259.23 (157.26)

2249.80 (165.52)
2272.56 (133.45)
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Results
The mean liking ratings were sampled across participants for
each type of stimulus (see Table 3 and Figure 2c). A repeated
measures ANOVA was performed with image class (i.e., natural
and human-made) and degradation type (i.e., normal and degraded) as within-subject factors and liking ratings as the dependent variable. Results showed that natural scenes were liked more
than human-made scenes, F(1, 19) ⫽ 16.51, p ⬍ .01, 2p ⫽ .47, and
normal images were liked more than degraded images, F(1, 19) ⫽
33.82, p ⬍ .001, 2p ⫽ .64. The interaction between image class
and degradation type was not significant (p ⫽ .98).
Mean response latencies were sampled across participants for
each stimulus type (see Table 3). A repeated measures ANOVA
with image class and degradation type as within-subject factors
and response latencies as the dependent variable showed a main
effect of image class, F(1, 19) ⫽ 6.06, p ⬍ .05, 2p ⫽ .24, and an
interaction between image class and image quality, F(1, 19) ⫽
7.45, p ⬍ .05, 2p ⫽ .28. The interaction reflected higher response
latencies for human-made scenes than natural scenes for normal
images, t(1, 19) ⫽ 3.01, p ⬍ .01, d ⫽ 0.46, but no significant
difference in response latencies between the two types of scenes
for degraded images (p ⫽ .13).
The results of Experiment 3 were consistent with those of
Experiments 1 and 2; natural scenes were liked more than humanmade scenes, and high-quality images were liked more than degraded images. The results of the three experiments were used to
examine whether the image degradations were additive in their
effects on aesthetic judgments.

A Comparative Analysis of Experiments 1, 2, and 3
To examine whether the influence of image degradation on
aesthetic judgments is additive, we combined data from the three
experiments within one analysis. We hypothesized that liking
ratings would decrease as the number of degradations performed
on the images increase. Thus, liking ratings of the degraded images
should decrease from Experiments 1 to 3. As compared with the
degraded images used in Experiment 3, which used only one type
of degraded image (i.e., simultaneous degradations in contrast,
sharpness, and grain), three types of degraded images were used in
Experiments 1 and 2—individual contrast, sharpness, and grain
degradations in the former and paired combinations of the degradations in the latter. To carry out the analysis, we calculated
composite values for Experiments 1 and 2 by averaging ratings

Table 3
Experiment 3: Mean (Standard Deviation) Liking Ratings and
Mean Response Latencies
Image quality
Measure

Normal

Degraded

Liking rating
Natural
5.66 (1.21)
3.73 (1.25)
Human-made
4.57 (1.20)
2.63 (0.82)
Response latency (in milliseconds)
Natural
2221.05 (296.74) 2301.45 (327.73)
Human-made
2379.50 (370.64) 2247.67 (293.93)
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across the three types of degraded images. Consequently, participants (n ⫽ 60) from the three experiments each had an average
rating for natural–normal, natural– degraded, human-made–
normal, and human-made– degraded images.
The overall pattern of mean values for both types of scenes
supported the hypothesis (see Figures 3a and 3b). Of the degraded
images, those from Experiment 1 were liked the most, followed by
images from Experiment 2; images from Experiment 3, which had
the most individual degradations, were liked the least. The data
were analyzed with a mixed model repeated measures ANOVA
with image class (natural and human-made) and image quality
(normal and degraded) as within-subjects factors and experiment
(Experiments 1, 2, and 3) as a between-subjects factor. Confirming
the previous analyses, images of natural scenes were liked more
than images of human-made scenes, F(1, 57) ⫽ 61.58, p ⬍ .001,
2p ⫽ .52, and high-quality images were liked more than degraded
images, F(1, 57) ⫽ 105.63, p ⬍ .001, 2p ⫽ .65. In addition, there
was a significant interaction between image quality and experiment, F(2, 57) ⫽ 8.15, p ⬍ .01, 2p ⫽ .22. The interaction is based
on an overall decrease in mean liking ratings with increasing
number of degradations for both natural and human-made scenes.
This suggests that the different aspects of image quality are additive in their influence on aesthetic judgment.
The significant interaction between image quality and experiment reflected an additional noteworthy, albeit unexpected, pattern
of results. The mean liking ratings of the normal high-quality
images increased from Experiments 1 to 3. This was found in both
natural and human-made scenes. Although the increase in liking
was less than the corresponding amount of decrease in liking for
the degraded images across experiments, it nonetheless suggests a
possible contrast effect. Specifically, it appears that the more the
degraded images were disliked, the more the normal images were
liked. Therefore, the interaction may reflect a type of contrast
effect in which evaluations of one type of stimulus are influenced
by the evaluations of other stimuli within the same stimulus set.

General Discussion
We aimed to understand the effects of image quality on aesthetic
judgments of photographs. In three experiments, high-quality images were degraded in contrast, sharpness, and grain. We investigated the individual, paired, and combined effects of the degradations on natural and human-made scenes. In addition, we examined
whether the effects of image degradation are additive, whether
aesthetic judgments become more negative as more degradations
are made on the images.
In directly comparing the individual degradations with each
other using different image classes, we found evidence that degradations in contrast affect judgments of photographs of humanmade scenes more than those of natural scenes. This contradicts
previous findings that the effects of image degradations are similar
across various image types (Calabria & Fairchild, 2003; Gershoni
& Kobayashi, 2006). One possible explanation for this difference
is that natural scenes are more robust or tolerant to contrast
degradation than human-made scenes because humans evolved in
and are well adapted to natural environments (e.g., Orians &
Heerwagen, 1992). From this perspective, it follows that the human visual system may be more tolerant of degraded images of
natural scenes as compared with degraded images of human-made
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Figure 3. Results of comparative analysis plotted by experiment for
natural (a) and human-made (b) scenes.

scenes. This would be consistent with theories claiming a processing bias toward natural scenes (Field, 1987; Field & Brady, 1997).
This processing bias is, to an extent, compatible with the robust
finding that people prefer natural over human-made scenes (e.g.,
Kaplan & Kaplan, 1989), and that viewing natural scenes is
beneficial to physical and mental health (e.g., Berman, Jonides, &
Kaplan, 2008; Hartig, Mang, & Evans, 1991; Ulrich, 1984; van
den Berg, Hartig, & Staats, 2007; van den Berg, Koole, & van der
Wulp, 2003). It is also consistent with studies that have shown
distinct neural response patterns when looking at natural scenes
(Biederman & Vessel, 2006; Felsen, Touryan, Han, & Dan, 2005;
Yue, Vessel, & Biederman, 2007).
The results of Experiments 1 and 2 showed that degradations in
contrast appeared more influential to aesthetic judgments than
degradations in grain or sharpness. This could be related to the
human ability to adapt visually to changes in the perceptual environment to maintain perceptual constancy. Previous studies have
demonstrated adaptations to contrast (e.g., Kohn, 2007), noise
(Fairchild & Johnson, 2007), and blur (e.g., Wang et al., 2006).
The nature and time course of visual adaptation may be specific to
each type of degradation, resulting in differences in the effects on
aesthetic judgments. Although visual adaptation may explain these
differences, it is important to note that most studies in visual
adaptation were based on long exposure durations to the adaptation
stimuli, which stands in stark contrast to the relatively short
presentation durations and to the absence of an adaptation phase
used in the present studies. However, if adaptation is a factor in
this study, it would likely have occurred on a trial-by-trial basis
during the course of the entire study. The present study also differs
from adaptation studies in that the amount of degradation made on
each image was more restricted than image degradations on typical
visual adaptation stimuli.
It is also possible that contrast, grain, and sharpness degradations are different in their saliency. If so, degradations in contrast
may be more salient than degradations in grain and sharpness,
thereby having the greatest influence on aesthetic judgments. Tinio
and Leder (2009b) have proposed a taxonomy of image manipulation procedures that conceptualize how different image manipulations affect aesthetic judgments. The taxonomy consists of three

levels of manipulation: surface-level, composition-level, and
semantic-level manipulations. The contrast, sharpness, and grain
degradations used in the present studies were surface-level manipulations because each manipulation was performed globally (the
entire image area) for every image. The essence of surface-level
manipulations is that changes that result from them are difficult to
identify because they are typically subtle. However, within this
level of manipulation, it is nonetheless possible that there are
microvariations in how the manipulations are visually perceived
and evaluated.
Overall, analyses of the response latencies did not indicate that
perceptual fluency systematically mediated the effects of the degradations on aesthetic judgments. Although it is possible that the
manner in which image quality and perceptual fluency are related
is different for contrast, sharpness, and grain manipulations, analysis of response latencies in Experiment 1 did not reveal differences among the three degradation types. It is important to note
that past studies that have found a relationship between perceptual
fluency and contrast were based mainly on figure– ground contrast
(Reber & Schwarz, 2001; Reber et al., 1998; Willems & van der
Linden, 2006), which differs from the global contrast manipulation
used in the present studies. Further studies are needed to explore
the link between perceptual fluency and contrast, sharpness, and
grain, and whether fluency effects would be apparent in response
conditions more demanding (e.g., two-alternative forced choice
tasks) than those in the present experiments.
We also found evidence that the effects of degradations are
additive. The more degradation an image is subjected to, the less
it is liked. This finding is consistent with studies that have shown
the combined effects of basic visual features on aesthetic judgments (e.g., Tinio & Leder, 2009a). Although this issue of additive
degradations was not the main focus of our investigations, it would
be fruitful to assess the interaction among the effects of the
degradation manipulations. For example, a reduction in sharpness
may result in a reduction in contrast (e.g., Sprawls, 1993). However, the exact nature of the interactions among the different
degradations is unknown. Thus, a more focused investigation with
an approach similar to that used in Experiment 2 is warranted.
Our study found descriptive evidence for a contrast effect for
images of both natural and human-made scenes. The evaluations of
high-quality images were more positive as the images they were
presented with were more degraded. In this sense, the entire
stimulus set within each experiment acted as an evaluative context.
This contrast effect has been shown previously in attractiveness
(Cash, Cash, & Butters, 1983; Kowner & Ogawa, 1993) and taste
judgments (Sakai, Kataoka, & Imada, 2001). It appears that contrast effects are based on adaptation to characteristics of the
stimulus set. Thus, within each experiment, the set of degraded
images served as a baseline of comparison against the high-quality
images. Adaptation to the baseline set occurred after repeated
exposure to, and evaluation of, the stimuli, resulting in an increase
in contrast effects through increasing degradations. This becomes
more compelling in light of the fact that although the sets of
degraded images were different in each experiment, the same set of
high-quality images was used in the three experiments.
According to all measures in this study, degraded images were
liked less than their high-quality counterparts. A paradox arises
when photographs are considered within the general framework of
art history and photographic theory. There have been many in-
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stances where image quality—in the sense of image clarity, definition, and accuracy in depiction— has not been considered as
being tantamount to aesthetic quality. Cases in point were the
photographs that were consistent with the Pictorialism photography movement during the late 1800s and early 1900s. Photographs
associated with this movement were characterized by a painterly
feel and often looked out of focus (Rosenblum, 2008). Another
example is the popularity of the film look, which is characterized
by soft, grainy, and blurry images (Manovich, 1995). The introduction of grain into an image could result in an artistic effect
(Zakia, 2007). Why then would people in this study show strong
preference for high-quality images, when in an artistic sense,
high-quality images may not have the highest aesthetic value? One
possibility is that only certain images do not suffer and might even
benefit from the application of degradations. Another possibility is
that degradation needs to be applied in a certain manner by an
expert image maker for it to positively influence the aesthetic
value of the image. It is also possible that the level of expertise of
a perceiver has a role in the preference for certain images. The
participants in the present studies consisted of undergraduate students who may not have had high-level expertise in photography.
Photography experts could be included as participants in future
studies to determine whether they would prefer degraded images,
perhaps because such images are challenging, more demanding,
and complex (Axelsson, 2007a).
Although the present results were based on tightly controlled
experiments, their implications in applied settings could be surmised. For example, in applying degradations to an image for the
purpose of making it more aesthetically pleasing, one must consider that the amount and combination of degradations should be
carefully modulated. The effects of the degradations might also be
specific to a particular type of image. The issue of set effects is
another important consideration when displaying photographs.
Photography curators place great emphasis on the selection and
order of presentation of photographs. The present studies suggest
that in addition to content, the surface qualities of photographs
could potentially affect the presentation context.
The straightforward characterization of the photographic image
is that it is a mere depiction of reality, that it is a direct representation— of an object, a person, or a scene. However, since its
inception, photography has had at its core both representational
and aesthetic capacities. Although the former is clear, the latter has
been debated throughout photography’s history. Our results shed
light on the idea that photography cannot simply be equated to
mechanical reproduction because its essence is not entirely based
on depicted content alone (Sontag, 1973). “. . . we regard the
photograph, the picture on our wall, as the object itself (the man,
landscape, and so on) depicted there. This need not have been so”
(Wittgenstein, 1953, p. 205), as we have shown that surface
qualities do matter.
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